Background Complications are frequent with osteoarticular allografts, and their long-term survivorship in the distal femur is unclear. Thus, the benefits of osteoarticular allografting remain controversial. Questions/purposes We therefore determined the frequency of complications in osteoarticular allografts of the distal femur relative to their potential long-term survival. Methods We retrospectively reviewed 26 patients who had osteoarticular allograft reconstruction of the distal femur after resection of a malignant or aggressive benign tumor of bone. The minimum followup was 15 months (average, 156 months; range, 15-283 months) for all patients and 98 months (average, 191 months; range, 98-283 months) for the surviving patients.
Introduction
The distal femur is one of the most common sites for primary destructive neoplasms of bone. Options for restoring a functional lower extremity after wide resection at this site include megaprostheses [2-4, 6, 14-19, 26-30] , osteoarticular allografts [2, 5, 10-12, 21-25, 32] , and allograftprosthetic composites (APC) [1, 16, 17, 35] , each with unique advantages and disadvantages. Osteoarticular allografts offer the potential benefit of biologic bone union, soft tissue attachment, restoration of bone stock, and preservation of the proximal tibial physis in skeletally immature patients. However, they often require prolonged healing times of 1 year to 4 years [7, 9, 21] , are associated with fracture rates of 17% to 45% [20, 28, 31, 34] , are of limited supply, carry some potential risk of disease transmission, and have perioperative infection rates of 5% to 10% [20, 22] . Ligamentous reconstruction is technically demanding and some reconstructed joints progress to arthritis over time [18] [19] [20] [21] . Particular to the distal femur, there is no soft tissue attachment advantage as in sites such as the proximal tibia and femur. Megaprostheses, most often cemented, provide immediate fixation and rapid return to weightbearing, are less technically demanding to implant, and have no risk of disease transmission; reported survival rates of megaprostheses range from 87% at 3 years [33] to 59% at 5 years [13] to 50% at 25 years [27] . Complications include aseptic loosening (6% to 84% at 5 to 10 years), infection (7% to 15%), component failure rates (5% to 20%), periprosthetic fracture in 5% to 15% of patients, and dissociation of modular components [2, 4, 6, 13, [15] [16] [17] [18] [19] [26] [27] [28] [29] [30] .
Allograft-prosthetic composites share the benefits and liabilities of the other two. They restore bone stock and allow biologic union while providing a stable knee; however, they are technically difficult reconstructions that sacrifice the opposite physis and have some risk of disease transmission, nonunion, and fracture [1, 11, 16, 17, 35] . Mankin et al. [18] reported good or excellent results in 77% of 98 patients treated with APCs; however, this was an overall rating and results were not reported by anatomic location. Several reports dedicated exclusively to the long term outcomes of osteoarticular allografts of the distal femur [20, [22] [23] [24] suggest relatively high rates of infection and joint degeneration.
To confirm the findings of these previous papers we determined the long-term viability of distal femoral allografts by evaluating (1) allograft survival; (2) preservation of the joint surface; and (3) the frequency and nature of complications in a modern cohort of patients treated at a single institution.
Patients and Methods
We retrospectively reviewed prospectively collected data from our institution's orthopaedic oncology database and identified 26 patients with 26 osteoarticular allograft reconstructions of the distal femur performed between January 1985 and January 1999 ( Table 1) . We chose this time period because MRI images were available for all patients and modern chemotherapy regimens were being used. The 18 female and eight male patients had an average age at the time of surgery of 23 years (range, 10-58 years). Seventeen patients were skeletally mature at the time of reconstruction, and nine were skeletally immature. The most frequent histologic diagnosis was osteosarcoma (19 patients); other diagnoses were giant cell tumor (three patients), malignant fibrous histiocytoma (two patients), chondrosarcoma (one patient), and angiosarcoma (one patient). According to the Musculoskeletal Tumor Society [MSTS] staging system described by Enneking et al. [8] , 19 neoplasms were classified as Stage IIB, three as IB, and one as IA; three tumors were Stage III with metastatic disease noted at diagnosis. Eighteen patients were treated with preoperative chemotherapy and two with postoperative chemotherapy. No patient received radiation therapy. The minimal followup was 15 months (average, 156 months; range, 15-283 months). Six patients, five with osteosarcoma and one with malignant fibrous histiocytoma, died from their disease at an average of 32 months (range, 15-66 months) after surgery, and one patient died at 174 months from reasons not related to the primary disease. When the seven patients who died of their disease were excluded, minimal followup increased to 98 months (average, 191 months; range, 98-283 months). No patients were lost to followup, and none were recalled specifically for this report. We received prior Institutional Review Board approval.
The surgical approach has been previously described [30] and was determined by the location of the soft tissue extension of the tumor. The biopsy track was included in the incision and excised down to the lesion with a normal cuff of soft tissue with the goal of obtaining a wide margin. An intraarticular resection was performed on all patients in this study. The extensor mechanism was preserved, and exposure was enhanced by everting the patella or sliding the patella laterally with the knee flexed. Neurovascular structures were protected and dissected from the posterior portion of the tumor. Levels of bone resection were determined preoperatively from the MRI images obtained as part of the staging studies. The soft tissue structures of the knee, including the anterior and posterior cruciate ligaments, medial and lateral collateral ligaments, and joint capsule, were sharply dissected near their tibial insertions striving for a balance between adequate oncologic margins and maintaining length for reconstruction. A pathologist was consulted intraoperatively to confirm that a wide margin existed before proceeding with reconstruction. The overall average length of bone resection was 19 ± 3.4 cm (range, 13.5-28 cm). A size-matched fresh-frozen allograft distal femur was obtained before surgery. The allograft was chosen based on measurements derived from preoperative AP and lateral radiographs of the host distal femur. These measurements included the width of the distal femur on the AP view and the thickness of the distal femur on the Table 1 . lateral view. Secondary considerations were the width of the femoral shaft and size of the intramedullary canal. If bone destruction was severe, radiographs of the contralateral femur were used as a template. The fresh-frozen allograft was allowed to thaw in the operating room at room temperature in a solution of antibiotic-impregnated saline. The soft tissue attachments were not removed. Osteotomies were made in the allograft to remove a length of bone that matched the amount of bone removed during tumor resection. Most allografts were secured with an intramedullary nail. The allograft and host bone were reamed, in situ, over a guidewire to accommodate an appropriate-sized locked nail. When preparing the host proximal femur, the guidewire was passed in a retrograde fashion through the greater trochanter and out the soft tissues through a separate incision. The allograft and host bone junctions were modified to achieve maximal cortical contact, but step cuts were not performed. An intramedullary nail was advanced antegrade across the junctions, and proximal and distal interlocking screws were placed in a standard fashion. In one patient, a unicortical four-hole bridging plate was added for stability. The ligamentous and capsular structures that remained on the allograft were repaired primarily to their counterpart structures on the proximal tibia. The sutures were tied with the knee in 45°o f flexion. The knee was then moved through a ROM to confirm full extension, joint congruity, and stability. Local muscle transpositions were used in six patients to provide adequate soft tissue coverage of the allograft: biceps femoris (one patient), gastrocnemius (two patients), gracilis (one patient), and sartorius (two patients). In four patients, a laterally based plate rather than an intramedullary nail was used to secure the osteoarticular allograft to the host bone.
The extremity was immobilized postoperatively in a splint and later a brace. Mobilization with nonweightbearing of the affected extremity was begun in the early postoperative period. Postoperative administration of intravenous antibiotics was based on multiple factors, including time of drain retention, medical comorbidities, potential wound healing problems, and the individual attending surgeon's preference. Adjuvant chemotherapy was initiated 3 weeks postoperatively according to the specific protocol being followed. Partial weightbearing and physical therapy to promote motion of the knee were begun at 8 weeks after surgery.
Patients were seen in the outpatient clinic at 2 weeks, 6 weeks, 3 months, 6 months, 9 months, and 12 months after surgery. Patients with malignant tumors were seen every 3 months until 3 years, every 6 months until 5 years, and yearly thereafter. Patients with benign tumors were followed annually after 2 years. Physical examination and radiographic evaluation to monitor healing of the graft-host junction and any progressive degenerative changes were performed at these clinic visits. At the last followup, functional evaluations of the 15 surviving patients who retained their original allografts were obtained using the MSTS evaluation [8] and the Toronto Extremity Salvage Score (TESS) [4] , each of which has a maximal score of 100. The MSTS functional score is determined from participants' ratings of six areas: pain, function, emotional acceptance, supports used, walking, and gait. Additionally, patients are asked to choose a statement that indicates their overall feeling about the surgical management of their tumor. The TESS functional evaluation is a self-administered survey containing 30 questions that are answered by the patient to indicate his or her level of difficulty associated with accomplishing a variety of tasks.
The primary outcome measurement was survival of the allograft, which was defined as the retention of the originally implanted osteoarticular allograft. However, if enough of the allograft was maintained to allow conversion of the osteoarticular allograft to an APC when the allograft failed, we considered the original surgery a success. We judged the original operation a failure if any portion of the allograft was removed by amputation or conversion to a megaprosthesis; failure of the joint surface was deemed to have occurred if the joint surface was resurfaced or removed through another surgical procedure. For patients who died during the study, allograft followup ended on the date of death.
Infections that necessitated further surgery were categorized as superficial or deep based on clinical judgment at the time of surgery. If the infection was deep to the fascia or involved the allograft directly, it was designated as a deep infection. Some infections initially designated as superficial infections were later found at subsequent surgeries to have progressed to deep infections.
Results are presented as mean ± SD and range or, in the case of categorical variables, as observed frequencies or ratios. Kaplan-Meier survival curves [14] were used to estimate the censored survival rates of both the allograft and the joint surface along with their 95% confidence intervals.
Results
The allograft 5-and 10-year survival rates for allograft survival were estimated to be 69% (95% confidence interval, 50%-88%) and 63% (95% confidence interval, 43%-84%), respectively (Fig. 1) . Overall, 16 of the 26 patients retained the osteoarticular allograft, whereas the allograft was sacrificed in the remaining 10 ( Table 2 ; Fig. 2 ). At the time of last review, seven patients had died. Five patients died with their original osteoarticular allograft in place at an average of 34 months (range, 15-66 months) and were asymptomatic at that time. The sixth patient had a successful two-stage conversion because of an infection at 30 months but died 174 months after the initial implantation because of other complications. The final patient died at 22 months after undergoing a hemipelvectomy at 13 months.
The joint surface 5-and 10-year survival rates were calculated to be 79% (95% confidence interval, 61%-97%) and 65% (95% confidence interval, 41%-88%), respectively ( Fig. 1 ). Seven patients did not require additional surgical intervention and retained the original osteoarticular allograft at an average of 126 ± 54 months (range, 15-189 months).
Nineteen of the original 26 patients had complications that necessitated 30 additional surgeries (Table 3 ). Twentytwo of the 30 procedures were performed in the first 5 years after the index surgery, and the remaining eight were performed throughout the next 13 years (Fig. 3) . One patient had resorption of the allograft at 2 years after resection of an angiosarcoma. Resorption was successfully arrested with transfer of a vascularized fibular graft, and no additional surgery was required until the patient developed symptomatic degenerative changes of the joint 17 years later (Fig. 4) . One of the 26 patients developed a local tumor recurrence with regional metastases to the groin after distal femoral resection of a Stage IIB osteosarcoma. The advanced disease process required external hemipelvectomy at 13 months, and the patient died 22 months after the initial surgery.
Discussion
Reconstructive options after distal femur resection include: intercalary allograft arthrodesis, prosthetic TKA, rotationplasty, or osteoarticular allograft placement. This review was undertaken to determine graft survival, joint preservation, nature and frequency of complications in osteoarticular allograft reconstructions of the distal femur.
There are limitations in the data presented in this study. First, the small number of patients did not allow sufficient power to explore differences between subgroups of patients or trends between clinical variables and outcomes. The limited study size is related to the rarity of the disease itself and the infrequent use of osteoarticular allograft reconstruction. Second, the heterogeneous nature of these tumors, the patients themselves, the required bone and soft tissue resection, and the varied complications made standardized treatment difficult. Surgeon preference also introduced heterogeneity in treatment because multiple surgeons were involved in this period of treatment.
The overall 5-year and 10-year allograft survival rates were 69% and 63%, respectively; joint surface survival rates were 79% and 65%, respectively. At latest followup, 16 of the original 26 allografts were still in place and 25 of the 26 patients had successful limb salvage. Our survival rates were not quite as high as those reported by Muscolo et al. [22] -78% graft survival, 71% joint preservation, and 97% limb preservation at 5 and 10 years in 75 distal femoral allografts-but are similar to other reports in which poor results, defined as amputation or graft removal, occurred in approximately one-third of patients [10, 17, 20] . The impressive results reported by Musculo et al. [22] are likely a result of their well-known dedication to allograft surgery, extensive bone bank, and the matching of allografts to patients using CT measurements; resources not routinely available to US surgeons.
As in other series [22, 32] , progressive degenerative change was the most common complication requiring further surgery ( Table 2) ; eight of our 26 patients required further surgery at a mean of 86 ± 45 months (range, 31-156 months) after the initial allograft procedure. Joint deterioration is considered an inevitable late complication of osteoarticular allograft implantation, but salvage usually is possible with a joint-resurfacing procedure or megaprosthesis. In a large series of osteoarticular allografts of the distal femur, 8% of allografts that were still in place at latest followup had required a resurfacing procedure for joint deterioration or instability [22] .
Infection is a potentially devastating complication of osteoarticular allograft reconstruction [15, [22] [23] [24] . Early aggressive intervention such as débridement and wound coverage is indicated for wounds showing signs of compromise such as necrosis or persistent drainage. One of the Fig. 1 Kaplan-Meier survival curves show allograft and joint survival rates. The allograft 5-and 10-year survival rates for allograft survival were estimated to be 69% (95% confidence interval, 50%-88%) and 63% (95% confidence interval, 43%-84%), respectively. Volume 468, Number 11, November 2010 Femoral Osteoarticular Allografts 2919 three superficial wound infections in our series of patients progressed to a deep infection that ultimately required removal of the allograft and eventually a two-stage conversion to a megaprosthesis. Of the additional three patients treated for deep infection, only one retained the allograft. This patient may have eventually required removal of the allograft but died from causes unrelated to his tumor or its treatment. In a review of 83 patients treated with allografts of the distal femur, deep infection occurred in five (6%) and was more prevalent in patients treated with chemotherapy. Amputation was required in two of the five patients. Allograft salvage was successful in the remaining three patients, but function was rated as fair [20] . Limb preservation may be possible in a patient with a deep infection, but there is additional morbidity. Meticulous attention to aseptic technique, use of antibiotics, and aggressive soft tissue coverage can minimize the risk of deep infection. Our approach to the treatment of deep infection involves removal of the allograft and associated hardware and placement of an antibiotic-impregnated cement spacer. After appropriate culture-specific intravenous antibiotics and clinical evidence suggesting the infection is eliminated, an attempt is made to reconstruct the limb. The choice of the construct is patient-specific and may be a new osteoarticular allograft, APC, or megaprosthesis. Nonunion at the graft-host interface is another frequent complication ( Table 2 ). Healing occurs primarily from external callus in cortical-cortical junctions and primarily by internal callus in cancellous-cancellous junctions and is slow to develop between the allograft and host bone [9] . Furthermore, time to callous maturation and union is dependent on the quality of contact and stability of the junction [7, 9, 19] . Chemotherapy has been suggested to negatively affect union of the allograft-host junction [20] ; however, Muscolo et al. [22] found no relationship between allograft survival and the use of chemotherapy, age, gender, or amount of femoral resection. With the small number of patients available in our study, nonunion was not affected by age, exposure to chemotherapy, amount of bone resected, or method of initial fixation.
Although osteoarticular allografts should be considered in the reconstruction of skeletal defects about the distal femur, with reported graft survival rates of up to almost 80% at 5 and 10 years after implantation [22] , over 70% of patients in our long-term followup study had complications that required further surgical intervention. Despite the high complication rate, others have recommended this procedure [20, 22, 23] for tumors of the distal femur. Because of the frequency of these complications, our institution has not used osteoarticular allografts for reconstruction of the distal femur in the past 8 years, but rather has chosen a megaprosthesis or APC for reconstruction. Additionally, soft tissue attachments to the distal femur are not as critical to maintaining function when compared with other sites such as the proximal tibia or proximal humerus. Osteoarticular allografts may be best suited to younger patients who have a good oncologic prognosis, because considerable time is needed to allow allograft-host union. Patients who cannot tolerate the postoperative rehabilitation or have an anticipated shortened lifespan may be better treated with another type of reconstruction such as a megaprosthesis. If revision is required after implanting an osteoarticular allograft, conversion to an APC or megaprosthesis can be performed when the physical demands of the patient have decreased, which will extend the lifetime of the nonbiologic reconstruction. Despite the frequent complications associated with the osteoarticular allografts, all patients but one retained a functional limb at last followup. 
